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Pre-Al DS mortality from natural causes associated with 
HIV disease progression: evidence from the European 

Seroconverter Study among injecting drug users 

Maria Prins, lldefonso Hernandez Aguado*, Raymond P. Brettle+, 

J. Roy Robertson*, Barbara Broers§, Nicolas Carré'1, 

David j . Goldberg**, Robert Zangerle+\ Roel A. Coutinho 

and Anneke van den Hoek 

Objectives: To study differences in pre-AIDS mortality between European cohorts of 
injecting drug users (IDU) and to evaluate whether pre-AIDS mortality increased 
with time since HIV seroconversion and decreasing CD4 count. 
Methods: The study population consisted of 664 IDU with documented intervals of 
HIV seroconversion from eight cohort studies. Differences in pre-AIDS mortality 
were studied between European sites; an evaluation of whether pre-AIDS mortality 
increased with time since HIV seroconversion and decreasing CD4 count was 
carried out using Poisson regression. 

Results: One hundred and seven IDU died, of whom 57 did not have AIDS. Pre-
AIDS causes of death were overdose/suicide (49%), natural causes such as bacterial 
infections/cirrhosis (40%), and unintentional injuries/unknown (11%). Considering 
pre-AIDS death and AIDS as competing risks, 14.7% were expected to have died 
without AIDS and 17.3% to have developed AIDS at 7 years from seroconversion. 
No statistically significant differences in pre-AIDS mortality were found between 
European regions, men and women, age categories and calendar time periods. 
Overall pre-AIDS mortality did not increase with time since seroconversion, but did 
increase with decreasing CD4 count. Evaluating cause-specific mortality, only pre-
AIDS mortality from natural causes appeared to be associated with time since 
seroconversion as well as immunosuppression. For natural causes, the death rate per 
100 person-years was 0.13 the first 2 years after seroconversion, 0.73 in years 2-4 
(risk relative (RR) to years 0-2, 5.6], 1.83 in years 4-6 (RR, 14.0) and 1.54 for > 6 
years (RR, 11.7). This rate was 0 for a CD4 cell count > 500 x 106/ l , 1.06 for 
200-500 x lO'VI and 4.06 for < 200 x 10'7I (RR versus > 200 x 106 / l , 7.0). In 
multivariate analysis, both CD4 count and time since seroconversion appeared to be 
independently associated with death from natural causes; CD4 count appeared to be 
the strongest predictor (adjusted RR, 5.9). 

Conclusions: A high pre-AIDS mortality rate was observed among IDU. No 
significant differences were observed across European sites. Pre-AIDS mortality from 
natural causes but not from overdose and suicide was associated with HIV disease 
progression. 
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PRE-AIDS MORTALITY AND HIV DISEASE PROGRESSION IN IDU 

Introduction 

Because of their lifestyle, injecting drug users (IDU) are 
at increased risk of premature mortality compared with 
the general population [1—4]. In the last decade, death 
rates increased considerably for IDU in countries with a 
high HIV-1 prevalence amongst this group due to the 
impact of the AIDS epidemic [5—8]. 

An increase of non-AIDS deaths concomitant with the 
introduction of HIV epidemic was first noticed 
amongst IDU in New York City at the beginning of 
the 1980s [6,9]. Since then several studies have shown 
that deaths due to non-AIDS causes are higher among 
HIV-positive IDU than among HIV-negative IDU 
[2,4-6,10,11]. Among HIV-infected IDU, mortality 
before being diagnosed with AIDS (denoted as pre-
AIDS mortality) has been found to increase with a 
decreasing CD4 cell count [10], indicating that not 
accounting for pre-AIDS mortality could overestimate 
the AIDS-free survival curve. To date, all studies have 
evaluated pre-AIDS mortality in seroprevalent cohorts. 
To our knowledge, neither the probability of dying for 
the complete course from HIV-1 seroconversion to 
AIDS has been described, nor has an evaluation of 
whether the risk of pre-AIDS mortality increases with 
time since HIV-1 seroconversion. 

In the present study, data were merged from IDU with 
documented intervals of HIV seroconversion obtained 
trom eight cohorts in various European cities. 
Differences in pre-AIDS mortality rates between these 
regions, in which drug use, drug policy and access to 
health care might differ, were studied. The relationship 
between pre-AIDS mortality and time since HIV-1 
seroconversion as well as immunosuppression were also 

"Studied. 

Methods 

Study population 
The HIV-1-positive study population comprised 664 
IDU for whom the dates of the last negative and first 
positive HIV-1 test were known. An IDU was defined 
as a person who, since 1979, had injected drugs before 
HIV-1 seroconversion. 

These IDU originated from eight ongoing prospective 
studies of HIV infection participating in the European 
Seroconverter Study: the Valencian HIV 
Seroconversion Study (n = 246); the Edinburgh Drug 
Addiction Study and the Edinburgh City Hospital 
Cohort Study (total number of seroconverters of these 
two studies combined, 169); the Amsterdam Cohort 
Study among drug users (n = 99); the Geneva HIV 

Cohort Study (n = 60); the French SEROCO Study (n 
= 38); the Scottish National Collaborative HIV testing 
Study from Glasgow (n = 31); and the Innsbruck AIDS 
Study (n = 21). The study from Glasgow originally 
included Scotland-wide HIV-infected individuals, but 
in the present study predominantly included HIV-sero-
converted IDU from Glasgow and surrounding regions 
because those followed in the Edinburgh cohorts were 
excluded from these Scotland-wide data. 

The original studies started between 1982 and 1988. 
The design and methodology of each study have been 
described in detail elsewhere [12—19]. Briefly, partici
pants underwent standardized clinical examination, 
blood testing and most of them completed question
naires every 3—6 months. Lymphocyte subsets were 
determined by flow cytometry. Information on AIDS 
diagnosis and cause of death were obtained from 
review of medical records and/or through matching 
with local and national registers at each study location. 

The total study population was composed of IDU who 
entered the study HIV-negative and seroconverted 
during follow-up (prospectively identified seroconvert
ers, 351), and IDU who were HIV-infected at entry 
into the study but who had earlier blood samples avail
able to determine the interval of seroconversion (retro
spectively identified seroconverters, 313). For the latter, 
HIV-negative blood samples were mostly obtained for 
reasons unrelated to HIV disease progression, such as 
hepatitis B testing or knowledge of risk behaviour. 

In this analysis, AIDS was defined by the 1987 criteria 
of the Centers for Disease Control and Prevention 
(CDC) [20]. The Glaswegian, French and Innsbruck 
data were combined because of the small number of 
seroconverters included in each cohort. 

Statistical analysis 
The expected date of seroconversion was calculated for 
each IDU by the following procedure: first, the cumu
lative HIV-1 seroincidence was estimated over calendar 
time for each cohort separately applying methods for 
interval-censored data; second, using the cohort-
specific seroincidence distribution, the expected date of 
seroconversion was calculated for each subject condi
tional upon the date of each subject's last HIV-negative 
and first HIV-positive test [21-23]. 

Product-limit estimates of the cumulative pre-AIDS 
mortality and the cumulative AIDS-free incidence fol
lowing HIV seroconversion were calculated using a 
competing risk model based on influenced transition 
probabilities [24]. Kaplan-Meier estimates of the 
cumulative pre-AIDS mortality stratified by cohort 
were also calculated. In these calculations, as well as for 
the calculation ol person-years .it risk of pre-AIDS 
dying, subjects were considered at risk from the calcu
lated date of seroconversion for prospectively identified 
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seroconverters through the date of p re -AIDS death, 
AIDS, loss to follow-up or censoring. For retrospec
tively identified seroconverters the date of study entry 
was taken as the first date since seroconversion at which 
they were included in the risk set (i.e., left-truncation). 
Depending on the closing date ot each data file merged 
and taking into account report ing delay of registries, 
the date of censoring (i.e., cut-off date of the analysis) 
was ultimately 1 August 1995. 

T o evaluate differences in p re -AIDS mortali ty rates 
between the participating cohorts, and to examine the 
relationship of p r e - A I D S mortal i ty wi th t ime since 
HIV seroconvers ion and C D 4 lymphocy te coun ts , 
incidence rates and relative risks ( R R ) with their corre
sponding 95% confidence intervals (CI) were calcu
lated. T o calculate incidence rates, p re-AIDS deaths 
were divided by person-years according to study site, 
time since seroconversion (< 2, 2—4, 4—6 and > 6 years) 
and categories of C D 4 l y m p h o c y t e counts (> 500, 
2 0 0 - 5 0 0 and < 200 x 1 0 / 1 ) . Evaluat ing site differ
ences, the Edinburgh cohorts were chosen as the refer
ence category because these relatively large cohorts 
became infected earlier than the other cohorts. 

T o evaluate the association between C D 4 lymphocyte 
count and pre-AIDS mortality, the risk of pre-AIDS 
mortality was predicted from the C D 4 count at the 
preceding visit. T o limit misclassification of person-
time due to temporal changes in this marker, observa
tions were censored maximally 1 year after each visit 
with a CD4 count measurement. 

Gender, age and calendar time were also evaluated as 
covariates of p r e -AIDS mortal i ty. Categories of age 
were defined by cut-off points at the 33rd and 67th 
percenti le of the age at seroconversion for the total 
group (23 and 27 years, respectively). Calendar time 
was divided into the following three periods: < 1990, 
1990-1991, > 1992. Both calendar time and age were 
treated as t ime-dependent covariates. 

Poisson regression was used to test for significance and 
multivariate analyses [25], Significance was determined 
by likelihood ratio tests. Apart from C D 4 lymphocyte 
count, time since HIV seroconversion and site, all uni-
variately associated covariates (P < 0.10), were consid
ered for entry in the mu l t i va r i a t e mode l s using a 
forward stepwise procedure . In multivariate analysis, 
we tested for interactions be tween covariates in the 
final models and considered the confounding effect of 
covariates. Covariates had been evaluated within each 
c o h o r t be fo re p o o l e d ana lyses o f t h e data w e r e 
performed. Furthermore, bias due to the length of the 
seroconversion interval, and the interval between sero
convers ion and r e c r u i t m e n t a m o n g re t rospect ively 
identified seroconverters were examined by repeating 
the analysis for subjects with a seroconversion interval 

ot less than 2 years and those recruited before or maxi
mally 1 year after seroconversion. This did not change 
the main results substantially. 

Finally, in addition to studying pre-AIDS deaths from 
any cause, we repeated our person-time methods sepa
rately for p r e - A I D S deaths from natural causes (all 
deaths excluding deaths from overdose, suicide, unin
tentional injuries and unknown causes) and pre-AIDS 
deaths due to overdose or suicide. In these cause-
specific analyses, subjects w h o died from causes other 
than causes of interest were censored at the date of 
death. T h e small number of pre-AIDS deaths (n = 6) 
other than from natural causes, overdose and suicide 
precluded separate analysis. 

Results 

Characteristics of the 664 IDU stratified by cohort are 
displayed in Table 1. The median follow-up time from 
HIV seroconversion until pre-AIDS death, AIDS, OF 
the end of the study was 4.0 years [interquartile range 
( I Q R ) , 2 . 1 - 6 . 9 years) . T h e 313 I D U (47.1%) for 
w h o m seroconversion was determined retrospectively 
had a median lag t ime be tween seroconversion and 
enrolment of 1.6 ( I Q R , 0.7—2.7) years. Median age at 
s e r o c o n v e r s i o n r a n g e d f rom 23 .1 years for t h e 
Edinburgh cohorts to 29.7 years for the Amsterdam 
cohor t , and median calendar year of seroconversion 
r a n g e d f rom 1 9 8 4 in E d i n b u r g h to 1991 in t h e 
Valencian region. For all subjects, the median interval 
between the last negative and the first positive HIV test 
was 1.1 year; 296 I D U (44.6%) had seroconversion 
intervals of less than 1 year, 178 (26.8%) between 1 and 
2 years, and 190 (28.6%) of 2 years or more. A total of 
108 subjects died, of w h o m 57 died without AIDS and 
50 with AIDS. For one subject who died, the occur
rence of AIDS could not be ascertained. O f those not 
known to have developed AIDS or to have died, 28% 
of the total population had their last study visit more 
than 1 year before the cut-off date of the analysis. 

Causes of pre-AIDS death and CD4 counts 
preceding death 
Causes of p r e - A I D S dea ths are listed in Tab le 2. 
Natural causes c o n t r i b u t e d to 23 p r e - A I D S deaths 
(40.4%). Most of these deaths were attributable to bac
terial infect ions, fol lowed by cirrhosis / l iver failure. 
Twenty- four deaths (42.1%) from overdose occurred 
and four deaths (7.0%) were attributed to suicide. The 
documented suicides were committed by electrocution 
(n = 1), defenestration (n = 1), overdose accompanied 
by a farewell letter (n = 1), and by unknown methods 
(n = 1 ) . Remaining causes were accidents (n = 4) and 
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C O PRE-AIDS MORTALITY AND HIV DISEASE PROGRESSION IN IDU 

Table 1. Characteristics of 664 injecting drug users (IDU) registered in the European Seroconverter Study, 1982-1 995. 

Study site 
Valencia 
Edinburgh 
Amsterdam 
Geneva 
Other* 

Total 

i i 

246 
169 
99 
60 
90 

664 

Age (years) 
at seroconversion 

Imedian (IQR)I 

24.7(21.9-27.6) 
23.1 (20.4-27.9) 
29.7(26.5-35.2) 
25.5 (23.0-29.0) 
24.7(22.3-28.0) 
25.2 (22.2-29.1) 

Female 
In (%)| 

65 (26.4) 
57(33.7) 
45 (45.5) 
21 (35.0) 
33 (36.7) 

221 (33.3) 

Seroconversion 
interval* (years) 
Imedian (IQR)| 

1.1 (0.69-2.0) 
1.1 (0.52-2.4) 

0.77 (0.32-3.8) 
1.3 (0.60-3.2) 

0.91 (0.35-1.6) 
1.1 (0.49-2.3) 

Calendar year 
of seroconversion 

Imedian [IQR)| 

91.8(90.5-93.0) 
84.1 (83.9-86.0) 
88.5 (86.3-91.1) 
86.8 (85.3-89.2) 
89.8 (88.8-92.0) 
89.8 (85.8-92.0) 

AIDS 

1 1 
41 
13 
11 
1 1 
87 

n 

Pre-AIDS 
deaths 

8 
19 
14' 
7 
9 

57* 

Post-AIDS 
deaths 

5 
2 1 
8* 
7 
7 

50* 

•Interval between the date of the last negative and the date of the first positive HIV lest. *The French SEROCO Study (n = 38), the Scottish 
National Collaborative HIV testing Study (n = 31) and the Innsbruck AIDS Study (n = 21). 'For one subject from Amsterdam who died, 
neither cause of death nor development of AIDS could be ascertained; therefore, for the Amsterdam and total population, the total number of 
deaths are 23 and 108, respectively. IQR, Interquartile range. 

violence (n — 1). Cause of death was unknown for one 

subject. 

A m o n g the 57 I D U w h o died w i t h o u t A I D S . 33 

(57.9%) had a C D 4 cell count in the year preceding 

pre-AIDS death. For these 33 subjects, the median lag-

time between C D 4 determination and pre-AIDS death 

was 2.9 months ( I Q R . 1.2-4.1) and the median C D 4 

cell count 350 X 1()'71 ( I Q R . 193-580). 

Cumulative pre-AIDS mortality 
Considering pre-AIDS mortality and AIDS as compet

ing risks, at 3 years from seroconversion, 5.8% of all 

IDU were expected to have died without AIDS and 

4.3%> were expected to have developed AIDS (Fig. 1). 

At 5 years since seroconversion these figures were 9.4 

and 11.1%, and at 7 years 14.7 and 17.3%, respectively. 

As shown by the vertical distance between both lines 

(Fig. 1) at the 7-year t imepoint, 68 .1% of the popula

tion was still alive without AIDS. Median progression 

Table 2. Causes of pre-AIDS death among 664 injecting drug users 
registered in the European Seroconverter Study, 1982-1995. 

Cause of death 

Deaths from natural causes 
Pneumonia 
Endocarditis 
Bacterial sepsis 
Pneumococcal meningitis 
Brain abscess 
Brain haemorrhage 
Cirrhosis/liver failure 
Heart disease (not specified) 
HIV-related (not specified) 
Miscellaneous* 

Overdose/suicide deaths 
( Xerdose 
Suicide 

Other 
Accidents 
Homicide 
l nknown 

Total 

n (% among all pre-AIDS deaths) 

23 (40.4) 
5 (8.8) 
2(3.5) 
1 (1.8) 
1 (1.8) 
1 (1.8) 
1 (1.8) 

7(12.3) 
1 (1.8) 
1 (1.8) 
3(5.3) 

28(49.1) 
24 (42.1) 

4(7.0) 
6(10.5) 
4 (7.0) 
1 (1.8) 
1 (1.8) 

57 

time to pre-AIDS mortality or AIDS was 9.72 years. 

Using this competing risk model to calculate the rate 

ratio of p re -AIDS dying compared with developing 

AIDS, this ratio appeared to decrease slightly with 

increasing t ime since seroconversion from 1.02 at 2 

years to 0.79 at 10 years from seroconversion. 

By Kaplan—Meier estimates, considering AIDS not as 

competing risk but as censoring moment , the probabil

ity of pre-AIDS dying within 7 years from seroconver

sion was 16.0% (95% CI , 12.2-20.8). O n comparison. 

19.0% (95% CI , 14.8-24.1) developed AIDS within 

that t ime period by Kap lan -Me ie r estimates. Fig. 2 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 

0 1 2 3 4 5 6 7 8 9 10 11 

Time (years) from HIV-1 seroconversion 

•Pneumonia and pulmonary tuberculosis (n = 1), pulmonary 
oedema and cirrhosis/liver failure (n = 1) and endocarditis and 
cirrhosis/liver failure (n = 1). 

Fig. 1 . Cumula t ive inc idence of pre-AIDS mortal i ty and 

AIDS-free status among 664 injecting drug users registered 

in the European Seroconverter Study, 1982—1995, estimat

ed by product- l imit methods for a compet ing risk model . 

The vertical distances between the both lines at a specified 

t imepoint corresponds to the estimated percentage of those 

alive and w i thou l AIDS. Curves were truncated when fewer 

than 10 subjects remain at risk. 

do) 
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shows the K.iplan-Meier curves o fp re -AIDS mortality 
for each cohort. Progression rates did not differ signifi
cantly across sites (l ikelihood ratio statistic by C o x 
proportional hazards analysis, P = 0.13). 

Mortality rates and risk factors for pre-AIDS 
mortality 
The total n u m b e r of person-years at risk until p r e -
AIDS death, AIDS, loss to follow-up or censoring was 
2454, resulting in a crude pre-AIDS mortality rate per 
100 person-years of 2.32 (95% CI, 1.79-3.01) for all 
1DU. ' fable 3 shows the p re -AIDS mortal i ty rates, 
crude R R and their 95% CI according to variables of 
interest. 

Pre-AIDS mortality from all causes 
In univariate analyses studying pre-AIDS deaths from 
all causes, an increasing trend in mortality with t ime 
s ince H I V s e r o c o n v e r s i o n was not d e m o n s t r a t e d , 
although pre-AIDS mortality rates more than 2 years 
after seroconversion were somewhat higher than in the 
first 2 years. Pre-AIDS mortality rates increased with a 
decreasing C D 4 cell count (P = 0.088). T h e risk of 
pre-AIDS mortality was about three times higher when 
C D 4 counts fell below 200 X 1 () ' 'cells/1, relative to 
C D 4 counts > 500 X II)' 'cells/1. Since the C D 4 cell 
count might fall temporarily immediately after serocon
version and this might cause some misclassifieation, we 
also examined the relationship between C D 4 lympho
cyte coun t and p re -AIDS mortality excluding C D 4 
coun t s in the first year after s e r o c o n v e r s i o n : R R 
became 1.44 (95% CI, 0.54-3.S3) and 3.30 (95% CI, 
1 .20-9 .08) for a C D 4 cell c o u n t of 2 0 0 - 5 0 0 and 
< 200 X lo'Vl. respectively (P = 0.053). The death rate 

Edinburgh 

Amsterdam 

Valencia 

Other 

Time (years) from HIV-1 seroconversion 

Fig. 2. Kaplan-Meiet estimates of the cumulat ive propor-

t ion deceased without being diagnosed wi th AIDS among 

6 6 4 i n j e c t i n g d r u g usets t eg i s te ted in t he European 

Seroconvertet Study, 1982-1995 , grouped by study site. 

Curves were truncated when fewer than 10 subjects remain 

at risk. 

of 1.96 per 100 person-years for t ime periods with 
missing C D 4 cell counts was very close to the rate for a 
C D 4 cell count > 500 X lo'Vl. An explanation might 
be that 4 1 % of the person-years with missing C D 4 cell 
counts took place in the first 2 years following serocon
version when C D 4 cell counts were relatively high. 

T h e lowest p r e - A I D S morta l i ty rate was found m 
Valencia, and the highest in Geneva, but both differ
ences did not reach statistical significance when com
pared with the Edinburgh cohorts. After adjustment for 

Table 3. Number of pre-AIDS deaths, person-years at risk (PY), pre-AIDS death rate per 100 PY (ratel and crude relative risk (RRI according lo 
selected characteristics, stratified by major categories of causes of dealb. 

Years since HIV-
< 2 
2-4 
4-6 
> 6 

CD4 lymphocyte 
>500 
200-500 
< 200 
Missing 

Study site 
Edinburgh 
Amsterdam 
Geneva 
Valencia 
Other' 

n 

All 

PY 

seroconversion 
13 
20 
10 
14 

count (x 
H 

15 
10 
24 

1') 
14 
7 
8 
9 

762 
682 
491 
519 

lo'yi) 
466 
568 
197 

1224 

918 
445 
150 
634 
307 

causes 

Rate 

1.71 
2.93 
2.04 
2.70 

1.72 
2.64 
5.07 
1.96 

2.07 
i.14 
4.68 
1.26 
2.93 

n = 571 

RR (95% CD 

1.0 
1.72 (0.85-3.46) 
1.19(0.52-2.72) 
1.58 (0.74-3.36) 

1.0 
1.54 (0.65-3.63) 
2.96 (1.17-7.48) 
1.14 (0.51-2.54) 

1.0 
1.52 (0.76-3.03) 
2.26 (0.95-5.38) 
0.61 (0.27-1.39) 
1.42 (0.64-3.13) 

n 

1 
5 
9 
8 

0 
6 
8 
9 

10 
5 
4 
3 
1 

Cause of death 

Natural 

Rate 

0.13 
0.73 
1.83 
1.54 

0 
1.06 
4.06 
0.74 

1.09 
1.12 
2.68 
0.47 
0.33 

causes* (n = 2.3) 

RR (957,, CI) 

1.0 
5.59(0.65-47.8) 
14.00(1.77-110.3) 
11.70(1.47-93.9) 

1.0* 

6.99 (2.43-20.2)* 
1.27(0.45-3.56)* 

1.0 
1.03 (0.35-3.02) 
2.46 (0.77-7.83) 
0.43 (0.12-1.58) 
0.30 (0.04-2.34) 

n 

9 
13 
0 
6 

5 
8 
2 

13 

9 
6 
1 
3 
7 

Overdose/suicide (n = 28) 

Rate 

1.18 
1.91 

0 
1.16 

1.07 
1.41 
1.01 
1.06 

0.98 
1.35 
2.01 
0.47 
2.28 

RR (95% CI) 

1.0 
1.61 (0.69-3.78) 
0.50 (0.1 8-1.41 )r 

1.0 
1.31 (0.43-4.01) 
0.95 (0.18-4.87) 
0.99 (0.35-2.77) 

1.0 
1.18 (0.49-3.86) 
2.05 (0.55-7.56) 
0.48 (0.13-1.78) 
2.32 (0.87-6.24) 

"All pre-AIDS deaths excluding deaths from overdose, suicide, unintentional injuries and unknown causes. Individual diseases are listed in 
Table 2. 'Because no death occurred at 4-6 years from seroconversion, the categories 4-6 and > 6 years were combined. Because no death 
occurred within the > 500 x 10'VI category, the categories > 500 and 200-500 x 1 ()''/! were combined and taken as reference category. "The 
French SEROCO Study, the Scottish National Collaborative HIV testing Study and the Innsbruck AIDS Study. 
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time since seroconversion and C D 4 lymphocyte count, 
the R R for Valencia increased to 0 .68 (95% C I , 
0.27—1.70) and the death rate for Geneva became sig
nificantly different from that in Edinburgh ( R R , 2.55; 
9 5 % C I , 1 .02-6 .33) . T h e R R for the Amste rdam 
cohort and the other cohorts combined did not change 
substantially after adjusting for duration of infection and 
C D 4 cell count. Additional adjustment for gender and 
age had only a minor influence on the presented R R 
lor the sites. 

P re -AIDS mortality from all causes was not signifi
cantly associated with gender, age and calendar period 
of fol low-up: crude R R for women compared with 
m e n . 0.93 (95% CI , 0 .53-1 .61) ; R R for those aged 
23-27 years. 1.00 (95% CI, 0.41-2.43), and for those 
aged > 27 years, 1.45 (95"'., CI . 0.64-3.26) compared 
with those aged <23 years; R R for 1990-1991. 1.25 
(95% CI , 0.63-2.47) and for > 1992, 1.37 (95% CI , 
0 . 7 3 - 2 . 5 8 ) c o m p a r e d w i th < I 9 9 ( ) . C D 4 c o u n t 
appeared to be the only variable independently associ
ated with pre-AIDS death from all causes. None of the 
remaining covariates appeared to be confounders. C D 4 
log-transformed and treated as a cont inuous variable 
was found to be more predictive than absolute C D 4 
counts in categories. 

Pre-AIDS mortality from natural causes 
Both t ime since seroconversion and decreasing C D 4 
lymphocyte count were univariately significantly asso
ciated with death from natural causes (P = 0.003 and 
0.001. respectively). The mortality rates were 0.13 the 
first 2 years, 0.73 m years 2-4 ( R R , 5.59), 1 .S3 m years 
4—6 ( R R . 14.0) and 1.54 at 6 years or more after sero
conve r s ion ( R R . 11.7; Table 3). R R of 6.99 was 
found for a CD4 cell count < 200 X lo'VI, relative to a 
C l ) 4 c o u n t > 200 X Kl'71. Mor ta l i ty from natural 
causes was also found to be significantly associated with 
o l d e r age (P = 0 . 0 2 0 ) . R R was 1.75 ( 9 5 % C I , 
0.20-15.7) and 5.36 (95% CI, 0.72-40.2) for subjects 
aged 23—27 years and older than 27 years, respectively, 
relative to subjects aged 22 years or less. N o significant 
differences in pre-AIDS mortality from natural causes 
by gender and calendar period of follow-up could be 
demonstrated. 

In multivariate analysis, both time since HIV serocon
version and C D 4 cell count were independent predic
tors of pre-AIDS mortality from natural causes. Table 4 
shows the results when age and site were added to the 
model . Compared with R R for age obtained in the 
univariate analysis, R R decreased to non-significant 
values. As was the case for overall pre-AIDS mortality. 
Geneva had the highest risk of pre-AIDS death from 
natural causes. This association did not reach statistical 
significance, which may have been due to small n u m 
bers. Compared with the results from the univariate 
analysis, R R for t ime since HIV seroconversion and 

Table 4. Multivariate Poisson analyses predicting pre-AIDS mortali
ty from natural causes* and AIDS among 664 injecting drug users 
registered the European Seroconverter Study, 1982-1 995. 

Years since HIV-
< 2 
2-4 
4-6 

>(> 
CD4 lymphocyte 

>200 
<200 
Missing 

Study site 
Edinburgh 
Amsterdam 
( iene\.! 
Valencia 
Other' 

Age (years) 
<23 
23-27 
>27 

Adjusted RR (r 

Pre-AIDS mortality 
trom natural causes* 

seroconversion 
1.0 
5.I0IO.57-45.7) 

11.07 (1.22-100.3) 
6.86(0.68-69.1) 

count (x 10'yi) 
1.0 
5.90 (1.98-17.6) 
2.06(0.69-6.17) 

1.0 
1.33 (0.43-4.14) 
2.77 (0.82-9.40) 
1.38 (0.32-5.91) 
0.61 (0.07-5.06) 

1.0 
1.04(0.11-9.72) 
2.27 (0.27-18.8) 

5% CI) 

AIDS 

1.0 
2.97 (1.22-7.20) 
3.47 (1.34-8.95) 
4.16 11.57-11.00) 

1.0 
11.81 (6.39-21.8) 
2.71 (1.42-5.17) 

1.0 
0.94 (0.49-1.81) 
2.32 (1.16-4.67) 
1.20(0.55-2.63) 
1.72 (0.84-3.53) 

1.0 
1.52 (0.51-4.55) 
2.13 (0.73-6.25) 

*AII pre-AIDS deaths excluding deaths from overdose, suicide, 
unintentional injuries and unknown causes (see Table 2 for individ
ual diseases). fThe French SEROCO Study, the Scottish National 
Collaborative HIV testing Study and the Innsbruck AIDS Study. RR, 
Relative risk; CI, confidence interval. 

C D 4 lymphocyte count decreased slightly towards 1. 
H o w e v e r , the risk still increased considerably with 
decreasing C D 4 cell count and ongoing HIV infection, 
a l t h o u g h t h e risk > 6 years after s e r o c o n v e r s i o n 
appeared to be smaller than in years 4 - 6 . Log-trans
formed C D 4 values appeared to be more predict ive 
than categorized C D 4 count . When replacing C D 4 
count in categories with log-transformed C D 4 m the 
multivariate model , the elevated risks with ongo ing 
time since seroconversion decreased. T h e effect was 
larger for more prolonged duration of infection, with a 
decrease of 53% tor the category > 6 years since HIV 
seroconversion. 

Pre-AIDS mortality due to overdose and suicide 
N o n e of the variables studied, including tune since 
se roconver s ion and C D 4 l y m p h o c y t e c o u n t , we re 
found to be significantly associated with p r e - A I D S 
death from overdose or suicide. Regarding site differ
ences, a relatively low rate of overdose and suicide 
deaths was found in the Valencia region and a high rate 
for both the Geneva cohort and the combined cohorts 
(Table 3). The latter was due to a very high overdose 
death rate in the Glasgow cohort. 

In addition to parallel pre-AIDS mortality from natural 
causes with progression to A I D S , the p e r s o n - t i m e 
methods were carried out for progression from sero
conversion to AIDS. The incidence rate was small in 
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the first 2 years following seroconversion (0.92 per 100 
person-years) and rose rapidly thereafter (3.08, 4.28 and 
7.32 per 100 person-years for years 2 - 4 , 4—6, > 6, 
respectively; P< 0.001). T h e risk of developing AIDS 
was strongly related to a decreasing C D 4 lymphocyte 
count ( P < 0 . 0 0 1 ) . The rate was 0.21 for a C D 4 cell 
coun t > 500 X lo 'Vl , 2.47 for 2 0 0 - 5 0 0 X Kl'Vl and 
20 .30 for < 200 X Kl'Vl. Table 4 shows the results 
when time since seroconversion, C D 4 count , age and 
site were considered together in a multivariate model. 
It is clear from Table 4 that the results for pre-AlDS 
death from natural causes resembled the results for p ro
gression to AIDS, although the relationship between 
o u t c o m e and i m m u n o s u p p r e s s i o n was s o m e w h a t 
stronger for AIDS than for mortality. 

Discussion 

This study showed a high p r e - A I D S mortal i ty rate 
among 1DU in various European sites, with no signifi
cant differences between them. A striking result of this 
study was that pre-AIDS death from natural causes was 
found to be related with ongoing time since HIV sero
conversion and immunosuppression. T h e increase in 
these death rates by ongoing time since seroconversion 
and a decreasing C D 4 count showed similarity with the 
rates observed for A I D S . As already pos tu la ted by 
researchers in N e w York Ci ty in 1988 [6 .9] , this 
strongly suggests that p r e - A I D S death from natural 
causes is at least partially the result of HIV disease pro
gression. 

O u r findings confirmed the results obtained in a recent 
study in the Amsterdam cohort of drug users [10], In 
this previous study, which included seroprevalent sub
jects, crude R R for pre-AIDS mortality of 1.41 (95% 
CI, 0.43-4.57) and 2.66 (95% CI, 0.66-10.6) for C D 4 
count levels of 200-500 X 106 cells/1 and < 200 X 10f' 
c e l l s / 1 , r e s p e c t i v e l y , r e l a t i v e to a C D 4 c o u n t 
> 500 X 10 cells/1 were found, bu t n u m b e r s were 
small. These risk ratios are very close to those for over
all pre-AIDS mortality in our study. Since we studied a 
larger group, we were able to demonstrate a significant 
association. Furthermore, we could show that this asso
ciation was even stronger for pre-AIDS deaths from 
natural causes. In contrast, the association does not hold 
for pre-AIDS deaths from overdose or suicide. 

Because our study population consisted of subjects with 
well-estimated dates of HIV seroconversion, we were 
able to demonstrate that the risk of pre-AIDS mortality 
from natural causes also increased with ongoing time 
periods since seroconversion. Consider ing time since 
s e roconve r s ion and C D 4 cell c o u n t t o g e t h e r in a 

m o d e l , i m m u n o s u p p r e s s i o n was still f ound to be 
strongly associated with pre-AIDS death from natural 
causes. In contrast, after adjusting for log-transformed 
C D 4 count the elevated risk for increasing time since 
seroconversion reduced markedly, especially with more 
prolonged duration of infection. This suggests that at 
later timepoints C D 4 count is much more relevant than 
t ime since HIV se roconve r s ion . This f inding is in 
agreement with several studies showing that time from 
HIV infection to AIDS or death due to AIDS are 
largely explained by C D 4 lymphocyte count and not or 
to a lesser extent by the durat ion of HIV infection 
[26-281. 

Several studies found an increased overdose/suic ide 
death rate among HIV-posi t ive IDU compared with 
HIV-negative IDU [2-4,29,30], whereas one study did 
not [11]. It has been argued that the increased overdose 
death rate among HIV-positive IDU might be causally 
related to HIV infection by an increasing probability ot 
lethal outcome from drug use among seropositive IDU 
compared with seronegative I D U [3[. Another expla
nation might be that the increased risk among HIV-
positive IDU is the result of unrecognized HIV-related 
diseases [31]. In our study, we did not find any indica
tion that the evaluated overdose and suicide death rate 
a m o n g H I V - p o s i t i v e I D U is a c o n s e q u e n c e from 
disease progression, since the rate did not increase with 
time since seroconversion nor with a decreasing CD4 
count. T h e increased overdose mortality rate among 
HIV-positive IDU might be explained by a selection of 
popula t ion with a h igh-r isk lifestyle or psychiatr ic 
comorbidity that has already resulted in HIV infection. 
Nonetheless, an association be tween overdose/suicide 
mortality and disease progression after AIDS diagnosis 
might exist, since we studied only pre-AIDS deaths. 

W e stress that drawing firm conclusions about geo
graphic differences in pre-AIDS mortality among the 
general population of HIV-infected IDU is hazardous 
because we studied a selected group , namely cohort 
participants, and because numbers were small. W e can 
only be certain that pre-AIDS mortality was common 
among all IDU cohorts studied and that there were no 
significant differences across these cohorts. T h e risk in 
the Geneva cohor t tended to be increased for p re -
AIDS mortality as well as for progression to AIDS. A 
possible explanation is that fast progressors were slightly 
over-represented in this clinic-based cohort in which 
almost all seroconversions were determined retrospec
tively. The relatively high overdose death rate amongst 
the Glasgow cohort might be related to the increase in 
drug-related deaths in Glasgow in the beginning of the 
1990s, which was probably due to mixing heroin with 
b e n z o d i a z e p i n e s and a l coho l [32 ,33 ] . It has been 
hypothesized that the tendency of a low overdose/sui
cide death rate in Spain might be explained by a better 
supportive social network in the Valencian region than 
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in the other regions, but data to test this hypothesis are 
lacking. In general, drug use, methadone provision and 
social and medical cond i t ions vary in the different 
regions involved. For example, methadone has heen 
available in Ed inburgh since 1986 but is still very 
restricted in France; most IDU in Amsterdam do not 
l ive w i th the i r family in con t r a s t to I D U in the 
Valencian region, tor example. In other words, we can
not exclude the possibility that our results on site dif
ferences are confounded by factors that we did not take 
into account and that are often difficult to evaluate, 
such as drug use, psychopathology, poverty, methadone 
provision, social and medical care, study design-related 
factors (e.g., inclusion criteria, setting of follow-up). 
and completeness of mortality registers. 

In this study, AIDS was defined using the I9K7 C D C 
criteria [20], In 1993, recurrent bacterial pneumonia, 
pu lmonary tuberculosis and cervical neoplasia were 
added to the AIDS case definition in Europe [34]. 
Since diagnostic criteria (e.g., for recurrent pneumonia) 
are very strict, at most only for six (1 1%) of the 57 pre-
AIDS deaths in tins study, the cause of death might 
have satisfied this expanded definition. Of course, some 
subjects who died before AIDS might have met the cri
teria of the expanded defini t ion some tune before 
dying, regardless of the cause of death. In general, since 
pre-AIDS mortality and AIDS do not occur at random 
(i.e.. both p re -AIDS mortali ty and AIDS are more 
likely when subjects are immunosupprcsscd), the intro
duction of the expanded definition should result in a 
dec rease in p r e - A I D S m o r t a l i t y ra tes . H o w e v e r , 
because diseases such as infective endocarditis are not 
defined as AIDS according to this expanded definition 
and because for example overdose is associated with the 
lifestyle of I D U , we w o u l d still expec t to find a 
relatively high pre-AIDS death rate among this group 
when we apply the 1993 criteria. Fur thermore , the 
recent introduction ot early combination therapy (pro
tease inhibitors and nucleoside combinations), which 
should be initiated before immunological damage has 
occurred, might delay the diagnosis of AIDS and also 
pre-AIDS death from natural causes. Consequentie, the 
number of pre-AIDS death from other causes might 
increase because ot longer exposure to a high-risk 
lifestyle. 

Several limitations to our study should be noted. First, 
as mentioned previously, our results cannot be general
ized, because we studied a restricted group of H I V -
infected IDU. IDU not followed in cohor t studies 
might have poorer access to health care resulting in a 
h igher p re -AIDS mortal i ty rate. In addi t ion, o ther 
relevant characteristics might differ be tween cohort 
participants and non-participants. Second, the statistical 
power w.is not large in our study because ^f the rela
tively small number of p re -AIDS deaths. Therefore, 
causes ot death were grouped together, although the 

association b e t w e e n some cofactors and p r e - A I D S 
mortality may not be uniform. By combining overdose 
^\nd suicide deaths, misclassitication is expected to be 
small because t h e r e w e r e only four d o c u m e n t e d 
suicides, ot which one was an overdose with farewell 
letter. Furthermore, it is not known whether the docu
m e n t e d o v e r d o s e s w e r e a c c i d e n t a l or s u i c i d a l . 
Regarding pre-AIDS death from natural causes, death 
rates due to bacterial infections have consistently been 
found to be elevated a m o n g HIV-pos i t ive I D U in 
comparison with HIV-negat ive IDU [4-6,11,29,30] , 
Studies evaluating cirrhosis/liver failure death rates do 
not give concordant results; some have found a higher 
rate in HIV-positive IDU than in HIV-negative IDU 
[2,4,29,30], but one did not [ I I ] , Since seroprevalent 
groups « e r e studied, these inconsistent results might be 
due to differential time since infection. When we cal
culated death rates by time since seroconversion and 
immunosuppression separately lor deaths due to bacter
ial infections and deaths from cirrhosis/liver failure, in 
both cases increasing rates were observed over time and 
with a decreasing C D 4 count (data not shown). Finally, 
although assignment ot the cause of death represented 
the best j u d g e m e n t ot the investigators at each site 
based on all available information, the source of infor
mation (clinical diagnosis, post-mortem results, death 
certificate) differed across and within sites. H e n c e . 
some misclassitication might have been present, but we 
feel that it is very unlikely that this has seriously biased 
our results. 

We found strong evidence that pre-AIDS mortali ty 
among IDU underestimates the burden of disease in 
this population. Implications are that in survival analysis 
to AIDS or death from AIDS. pre-AIDS deaths from 
natural causes should not be treated as random censor
ing events because this might result in substantially 
biased progression estimates. P re -AIDS death from 
overdose and suicide does not violate the requirement 
for random censoring. 1 hose applying back-calculation 
m e t h o d s to e s t i m a t e t h e H I V i n c i d e n c e from 
serctprevaleuee and AIDS surveillance data as well as 
those using models such as Markov models to estimate 
the AIDS incubation tunc should consider all-cause 
pre-AIDS mortality. 

Although there are not many well-defined cohorts of 
IDU. further studies among large groups of HlV-sero-
converted IDU are needed to confirm our results and 
to s t udy t h e i m p a c t of the i n t r o d u c t i o n o f t h e 
expanded AIDS case definition on pre-AIDS mortality. 
Pre-AIDS mortali ty and its association with disease 
progression should also be studied amongst other popu
lations with a relatively high likelihood of pre-AIDS 
death, such as HIV-infected haemophilia patients | 35 | 
and HIV-infected individuals in sub-Saharan African 
countries [36]. 
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In practice, clinicians should be aware of the risk of 

premature death among HIV-infected IDU who do 

not yet have AIDS. IDU w h o have low C D 4 counts 

are at increased risk for premature death from natural 

causes. For these HIV-infected IDU, clinical check-ups 

should be intensified in order to detect diseases earlier. 

Increased attention to bacterial infections is warranted. 

Both C D 4 count and time since seroconversion may be 

useful for considering specific interventions (next to 

HIV therapy) di rected at the p reven t ion and early 

treatment of bacterial infections [e.g., vaccination and 

(prophylactic) antibiotics]. 
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